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Agenda

 Umachines background
 High level approach
e Device results
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Umachines History

e 1997 - 1999: flow sensors
e 1999 — 2003: optical switch for telecom
e 2003 — 2006: adaptive optics

o Capabillities:
— Design, Fabrication (Caltech/UCLA), Test

e Outsource:
— Mechanical Packaging, Electronics .
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Optical Switch
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Optical Switch

17 mm I
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Optical Switch Pictures
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Optical Switch

e VC funded effort
— Takes a lot of $$% to develop a product

» Greatest technical accomplishment

— Telcordia qualification — difference between
lab curiosity and product

 Many technical lessons learned

— Can be applied to other optical MEMS
devices
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Switch -> Mirror

« Single crystal vs polysilicon for mirror
structural material (Wu, Su - UCLA)

— Competitor lesson
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Switch -> Mirror

* Design for reliability
— If the MEMS can take the pressure...
— Thermal symmetry
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Switch -> Mirror

* Design for manufacturing

— IC cost structure Is often used as example,
out volumes are required

— If MEMS are mass produced, but packaging is
serial, big problem
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Lesson Applications

e Use single crystal silicon as mirror material

« Use symmetric mechanical designs
wherever possible

e Design for packaging (think about
electrical leads required for large port
count devices)
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Current Results
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61 Element Array
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80-Ch Driver
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Optical Results
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Surface Quality
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Fg 076 nm
Ra 0586 nm
Rt 418 nm
Rp 050 nm
R -3.70 nm
Angle  -4.84 urad
Curve 546 m
Terms MNone

Avg HE 204 nm
Area -0.59 um?2
Rg 1.01 nm
Ra 082 nm
Rt 462 nm
Rp 182 nm
R -280 nm
Angle -0.53 urad
Curve 1320 m
Terms MNone

AvgHt -0.39 nm
Area -018 um?2



Mechanical Test Results

Tilt vs Actuator Voltage
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Mechanical Test Results

Piston movement
(microns)
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Piston Stroke vs Actuator Voltage
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Continuous Membrane Simulation

Displacement along A-A

z-displ acement. [m]
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